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Introduction 
Male sterile mutants are often Isolated in plants that normally possess bisexual 
flowers and such individuals grow to maturity and set seed if artificial pollination 
is affected. This shows that the change from male fertile to male sterile conditions 
does not affect their physiology to such .an extent as to make normal growth im­
possible. Taking advantage of this knowledge many attempts have been made in 
some crops by different authors to ·induce pollen abortion so as to eliminate the 
tedium of hand emasculation. JAIN (1959) has reviewed in detail the different aspects 
of male ·sterility in flowering plants along with results obtained with the use of many 
chemical substances. 
Attempts so far made have shown that pollen •sterility could rbe induced in a 
wide variety of crops. But it is not known, however, whether these chemical methods 
could be of use in a field scale because of certain problems linked to their use. 
Firstly, the pollen sterility Is accompanied by a certain degree of ovule sterility 
which, if occuring at a very high degree, renders this method useless. Secondly, the 
sensitive stage at which these chemicals ,are to be applied ·is very short, making the 
use of very homogeneous plants necessary, with the chemical application well timed. 
The above cite-d problems often arise while attempting the use of chemically induced 
pollen sterility in the field crops. In fruit trees another important aspect to be taken 
care of is the extent of phytotoxicity caused rby •these chemicals since the trees being 
perennial, the damage once induced may be carried through for many seasons. 
Keeping the above mentioned problems in mind, an attempt was made in grapes 
to explore the possibility of using chemicals to substitute the conventional hand 
emasoulation. So far no attempts seem to have been made in this crop to try this 
method although such a method, if standardised, would be greatly beneficial since 
the morphology of the flower in grapes .renders hand emasculation tedious and 
time consuming. In this paper, the results of such an experiment will be discussed. 
A preliminary report on the present experiment has been published earlier (Irnrr and 
RANDHAWA, 19E5). 
Material a.nd methods 
Three grape varieties Bhokri, Hussaini and Rosem T. Lahore, were used in the 
present investigation. Three chemicals, namely, ma1'eic hydrazi•de {MH), tri-iodoben­
zoic acid (TIBA) and a-, p'-dichloroisobutyrate (FW-450) were tried at various con­
centrations as given below. 
Chemicals 
Maleic hydrazide 
Tri-iodobenzoic acid 
FW-450 
Concentrations 
250, 500, 750, 1000 ppm 
200, 300, 400, 500 ppm 
0.50, 0.10, 0.20, 0.30 % 
*) This study formed a part of the Ph. D. thesis submitted by the senior author to the Post 
Graduate School, I. A. R. I., New Delhi, India. 
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All chemicals were applied as foliar sprays using a hand sprayer. Only the shoot 
which 1bore the inflorescence was treated and care was taken to see that the solu­
tion did not fall on the leaves of other shoots. This was ensured .by covering the 
untreated shoots with .an aLkathene sheet. The spraying was done on each shoot on 
both sides of the leaves and also on the young leaves and growing points till the 
excess solution started dripping from the leaves. "Triton" was used as a wetting 
9.gent and was added to the solution at the rate of one drop in 1000 cc of the solution. 
To some shoots only one application was given while the rest had two, the second 
spray following three days after the first. For each treatment at least ten panicles 
were used. 
1 2 3 4 5 6 
Fig. 1: Stages of development of panicles in grapes (var. Hussaini) 
To find out precisely the stage of development of the inflorescence at which the 
treatments are most effective in inducing 1complete pollen sterility with the least 
ovule sterility, the development of the panicle was ,arbitrarily divided into ·six stages 
on the basis of distinct morphological differentation (Fig. 1). All the treatments were 
given on each stage in all the three varieties used. The distinct features of different 
stages are given below. 
Stage I : Panicle is very compact and the biuds are least differentiated and covered 
with hairs and bract-like striuctures. The panicle is about 0.80 cm in length. 
S t a g e I I : The rachis of the panicle is ,elongated and the different buds start 
making their appearance. 'I1he :hairs and the bract-like structures still persist 
at the bases of different groups of buds. Individual buds are not yet distinct and 
the panicle at this stage is about 1.1 cm in length. 
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Sta ge I I I : The different buds are quite distinct but all remain in a single group. 
The di,ameter of an individual bud is about 0.8 mm and the total length of the 
panicles about 2.0 cm. 
St age IV: The pedicle is elongated, each bud is separated from the other, measur­
ing about 1 mm in diameter. The contours of the buds are distinct and the buds 
form secondary groups. The panicle is about 3.5 cm in length. 
S t a g  e V : The buds further increase in size, each measuring about 1.6 mm in length 
and 1 mm in diameter. The buds assume a bell-shape at this stage. The panicle 
length is about 5.5 cm in length. 
S t a .g e VI : The buds are oblong in shape and there is •a loosening of the buds 
,.vithin a group, perhaps due to the elongation of the panicle. The length of the 
individual bud is about 2 mm with a diameter of -about 1.2 mm. 'I'he length of 
the panicle is about 8.5 om. The flowers start opening ,at the completion of this 
stage. 
Determination of sterility 
The pollen sterility was determined by acetocarmine staining test. In each 
treatment three panicles were cho�en to study the extent of pollen ·sterility. All buds 
which opened at the first day of an thesis were removed and five flowers of this kind 
were used to study the sterility. The same panicles w·ere used the succeeding days, 
.removing all newly opened flowers until ,anthesis was complete. The percentage of 
sterility was calculated for each day of .an thesis in all treatments. 
The extent of total sterility (both pollen and ovule) was estimated by merely 
bagging the treated panicle and calculating the percentag,e of fruit-set on the basis 
of initial number of buds. The ovule fertility was determined by hand pollinating 
t.reated panicles with good pollen.
Observations 
General effects of the chemicals 
In case of maleic hydrazide treatments, the treated shoots were less vigorous 
than the check-plants. Particularly at high concentrations {750 and 1000 ppm) the 
young leaves were distorted. The old leaves were more or less normal in appearance. 
Some of the leaves faded to yellow about two weeks after the treatments and many 
started curling outwardly. The "apical dominance" was broken in the shoots sprayed 
,.vith 500, 750 and 1000 ppm Which was indicated by the active growth of axillary 
buds. Even the new growth that ·started from these !buds showed deformities like 
.reduction in leaf area, thickening of the leaves, wavy mar.gins and prominent ap­
pearance of the veins. The appearance of the inflorescence developed from the 
treated shoots was normal at low concentrations (250 and 500 ppm), whereas at high 
concentrations (750 and 1000 ppm) they tended to be yellowish in colour. In contrast 
to the effects of MH, the effects of TI.BA, even under low concentrations, were 
drastic and prominent three days after ,application. At the lowest concentration 
(200 ppm) there was a slig,ht distortion of the leaves without change in colour. In the 
shoot sprayed with 300 ppm TI.BA, the leaves were dis-tarted and the old leaves 
tended to curl outwar,dly. At higher concentrations ,(400 and 500 ppm) the effects 
were more drastic. The colour of the inflorescences changed towards yellowish, in­
tensity of colouration depending upon the concentration. The treated inflorescences 
were open in contrast to the compact nature in contvols of similar age. 
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The damage to the foliage by the application of FW-450 was evident within two 
or thr,ee ,days after treatment. The leaves treated with different concentrations 
developed marginal burning, chlorosis and many burnt spots. The colour of the 
panicles also turned to yellow, but the prominent effect was the elongation of the 
whole panicle. 
Effect of the chemicals on the pollen sterility 
The observations on the pollen sterility after various treatments in 1962 and 
1963 in the varieties Bhokri, Hussaini and Rosem-T-Lahore are given in Table 1, 2 
and 3. The data presented in this table are only the values obtained when the treat­
ments were given •at stage III (as described under materials and methods) since in 
Tab 1 e 1
Effect of MH on the extent of pollen sterility (in per centJ 
No. Control 250 ppm 500 ppm 750 ppm 1000 ppm 
Variety Of appli- ----- ----- -----
tions 1962 1963 1962 1963 1962 1963 1962 1963 1962 1963 
Bhokri 1.8 2.8 
1 43.3 (36.3) 69.3 (61.2) 73.2 (61.3) 92.9 (84.8) 
2 57.7 (46.5) 100.0 (100) 100.0 (100) 
Hussa:ni 2.2 3.2 
1 27.1 (24.4) 65.8 (51.4) 71.4 (61.5) 77.6 (78.3) 
2 38.8 (40.5) 100.0 (100) 100.0 (100) 
R. T. Lahore 2.3 4.5 
1 8.5 (6.9) 22.2 (13.8) 75.3 (51.5) 76.7 (67.7) 
2 12.2 (9.5) 37.5 (22.0) 100.0 (100) 100.0 
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Fig. 2: Well stained pollen grains of the control (var. Bhokri) 
Fig. 3: Completely sterile pollen grains, induced by MH 500 ppm (var. Bhokri) 
Fig. 4: Completely sterile pollen grains, induced by TIBA 500 ppm (var. Bhokri) 
Fig. 5: Empty pollen grains, induced by FW-450 (0.30°/o) (var. Bhokri) 
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terms of pollen sterility there were not many differences among stages I, II and III. 
None of the treatments during later stages gave complete sterility and hence are not 
included in the table. 
The effect of various concentrations of MH on the extent of pollen sterility is 
presented in Table 1. It is evident from these data that the degree of sterility was 
proportional to the concentration of the chemical and the number of applications. 
In the varieties Bhokri and Hussaini two applications of 500 and 750 ppm of MH in­
tluced complete pollen sterility (Fig. 2 and 3). Two applications of 250 ppm failed to 
induce complete sterility although in this case the sterility was much higher as 
compared to the controls. A single application of lGOcl ppm induced sterility as high 
as 92.9 and 77.6 per cent in Bhokri and Hussaini respectively. Two .applications of 
1000 ppm MH were not tried since minor concentrations had induced complete 
sterility in a preliminary trial in 1961. The effective minimum concentration of 
maleic hydraz1de applied on the variety Rosem-T-Lahore was found to be higher. 
Two applications of 750 and 1000 ppm were necessary to induce complete sterility, 
whereas two applications of only 500 ppm which, on the contrary, had given good 
re�ults with the varieties .Bhokri and Hussaini, in this cas� failed. This cou1d be 
mainly due to the presence of heavy tomentum on the leaves of this variety which 
prevents the sticking of the solution on the leaf surface. 
Table 2 
The effect of TIBA on the extent of pollen sterility (in per cent) 
No. Control 200 ppm 300 ppm 400 ppm 500 ppm 
Variety of ai:,pli-
Cdtions 1962 1963 1962 1963 1962 1963 1962 1963 1962 1963 
Bhokri 1.8 2.8 
1 5.8 3.9 10.0 6.9 57.4 53.88 82.0 69.1 
9.1 7.3 17.1 14.6 100.0 100.0 100.0 100.0 
Hussaini 2.2 3.2 
1 5.0 5.1 9.5 11.7 60.5 56.4 86.0 79.7 
2 5.7 7.0 15.1 22.5 100.0 100.0 100.0 100.0 
R. T. Lahore 2.3 4.5 
1 2.5 4.6 7.1 13.8 58.7 50.1 80.4 60.1 
2 5.1 6.8 10.5 21.7 82.7 65.2 100.0 100.0 
The results obtained with the use of TIBA are presented in table 2. In this case 
also a direct relationship was obtained between the concentration of the chemical 
and pollen sterility induced. 
Single applications could not induce complete pollen sterility in any case. In the 
varieties Bhokri and Hussaini two sprays of 400 ppm TIBA, applied during stage 
III or ear1i,er, induced complete pollen sterility (Fig. 4), whereas in Ros,em-T-Lahore 
500 ppm were needed. 
The effects of FW-450 have been presented in table 3. Complete male sterility 
was induced in the varieties Bhokri and Hussaini with 0.30% of FW-450 taking into 
account both pollen sterility and the presence of non-dehiscing anthers. In Rosem­
T-Lahore, too, the same concentration gave a similar result in contrast to the other 
two chemicals used in the present experiment. In this case also the time of spray was 
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Table 3 
The effect of FW-450 on the extent of pollen sterility (in per cent) 
Variety 
Bhokri 
Hussaini 
R. T. Lagore 
No. 
appli­
cat.ons 
1 
2 
1 
2 
1 
2 
Control 
1962 1963 
1.8 2.8 
2.2 2.3 
2.3 4.5 
0.050/o 
1962 1963 
3.0 3.6 
6.2 6.9 
3.6 5.9 
4.8 9.1 
2.4 4.7 
2.9 6.7 
0.100/o 
1962 1963 
4.9 4.6 
9.5 7.8 
5.0 12.9 
8.0 18.4 
4.1 6.7 
5.6 11.5 
0.200/o 
1962 1963 
0.300/o 
1962 1963 
24.0 28.1 62.2 61. 7 
40.1 48.2 100.0 100.0 
32.2 37.3 69.4 74.6 
63.0 57.0 100.0 100.0 
13.7 26.1 47.1 60.8 
21.4 50.0 100.0 100.0 
very important, since only early stages (I, II and III) were sensitive to the chemical. 
Two applications of the chemical were necessary to induce complete male sterility. 
The effects of FW-450 on the grape flower buds were different from those of 
.MH and TIBA. The treatments resulted in nondehiscence of anthers and prevention 
of anthesis in addition to the formation of sterile pollen grains (FLg. 5). In all concen­
trations of FW-450 except the lowest concentration {0.05%), the anthers of the treated 
buds dried up and failed to dehisce. The treated buds failed to open and there was 
absolutely no anthesis. The ·calyptra cap which overturns from the bud during an­
thesis in the controls, was observed to have detached from the base but £ailed to 
Table 4 
Percentage fruit set on selfing in different treated panicles (two sprays) 
Variety 
Stage 
at 
MH 
Con-
which trot 250 500 750 1000 
sprayed 
Bhokri 41.8 
I 
II 
III 
IV 
Hussaini 36.4 
Rosem­
T­
Lahore 
I 
II 
III 
IV 
I 
II 
III 
IV 
31.6 
ppm 
13.7 0.0 0.0 
15.2 0.0 0.0 
16.2 0.0 0.0 
18.1 10.6 8.7 
18.1 0.0 0.0 
21.3 0.0 0.0 
24.1 0.0 0.0 
26.7 16.0 11.5 
21.6 18.6 0.0 0.0 
22.5 15.0 0.0 0.0 
23.3 19.6 0.0 0.0 
27.1 24.0 14.0 11.5 
TIBA FW-450 
200 300 400 500 0.05 0.10 0.20 0.30 
ppm % 
23.9 10.6 0.0 0.0 10.2 4.3 2.1 0.0 
24.2 11.9 0.0 0.0 13.1 8.1 2.5 0.0 
25.1 12.7 0.0 0.0 14.7 8.9 3.7 0.0 
27.6 14.1 9.6 7.0 16.8 13.1 3.9 3.6 
24.3 12.1 0.0 0.0 
25.2 13.7 0.0 0.0 
12.6 4.1 
14.9 5.9 
1.7 
2.1 
0.0 
0.0 
25.6 13.9 0.0 0.0 18.7 5.2 3.6 0.0 
28.9 17.2 15.4 11.8 19.2 9.6 4.2 3.1 
17.5 8.3 
18.4 11.9 
19.5 12.7 
20.2 16.2 
1.7 0.0 
2.1 0.0 
2.3 0.0 
3.6 0.0 
7.6 5.1 
9.1 6.2 
10.8 8.3 
13.8 10.1 
2.1 O.P 
2.6 0.0 
2.4 0.0 
3.2 0.0 
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overturn, thereby covering the stigma throughout. Hence, in such treatments the 
chang,es of these buds ,getting crosspollinated are very poor. The ovaries of buds 
treated with higher concentrations of FW-450 were distorted and many were found 
to be elongated. 
Fruit set by selfing the treated panicles 
To confirm the extent of male sterility, calculated by the staining method and 
visual observations of the buds, data were collected on the extent of fruit set, when 
the treated panicles were merely bagged. The observations for the year 1962 are 
given in Table 4 and are represented diagramatically in Fig. 6 for the varieties Bhokri 
and Rosem-T-Lahore. The observations recor,de,d during the year 1963 were not in­
cluded in Table 4 since analogous results were obtained in both seasons. 
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Fig. 6: Relation between pollen sterility and fruit set in 
treated grape panicles after self-pollination. 
A: Bhokri, B: Rosem-T-Lahore; white columns: per cent fruit 
set; black columns: per cent pollen sterility, C: control. 
As to be seen in table 4, the panicles of the variety Bhokri, that were treated 
twice with 250 ppm MH, set fruit after selfing indicating that complete sterility was 
not induced. However, a reduction in fruit set could be observed when the percentage 
was only 16.2 (stage III) as compared to the control (41.8). Treatments with MH 
500 and 750 ppm inducing complete pollen sterility did not show .any fruit set on 
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selfing showing complete absence of viable pollen. But when the same treatments 
were given during stage IV, fruit setting dtd take place since the pollen sterility was 
not complete. Treatments with TIBA at 400 and 500 ppm and FW-450 at 0.30% also 
gave no fruit set on selfing confirming the early observation that these treatments 
had induced complete pollen sterility. It was also observed that fruit set in treat­
ments which had induced only partial pollen ·sterility went on increasing as the stage 
of application advanced. To quote one example, the fruit set in Bhokri was abserved 
to be 13.7, 15.2, 16.2 and 18.1 per cent when 250 ppm MH was applied during stages 
I, II, III and IV, respectively. These differences in fruit set cou1d be expected be­
cause of the ·differences in pollen sterility ob3erved earlier in these treatments. The 
relationship between pollen sterility and the fruit set observed on selfing is shown 
in Fig. 6. As the amount of sterile pollen increases, fruit set drops until the value 
for fruit set reaches zero in treatments where complete sterility was obtained. The 
fruit set in FW-450 treatments was much lower even at concentrations which had 
caused very little pollen fertility. This could also be attributed to the adverse effect 
of FW-450 on the ovule fertility. 
Table 5 
Percentage of fruit set by hand pollination in treatments giving complete pollen sterility 
Stage MH TIBA FW-450 
Variety at ----
which Control 500 ppm 750 ppm 1000 ppm 400 ppm 500 ppm 0.300/o 
treated 1962 1963 1962 1963 1362 1963 1962 1963 1962 1963 1962 1963 1962 1936 
Bhokri 53.1 51.9 
I 30.5 32.5 17.5 18.9 12.3 10.5 9.3 9.9 11.4 10.9 
II 32.1 35.3 20.1 19.2 13.5 14.6 12.8 11.7 14.5 16.7 
III 36.9 37.3 23.6 26.5 15.6 17.1 13.6 15.5 16.9 15.3 
Hussaini 42.7 40.5 
I 26.5 24.4 13.6 12.7 11.6 9.2 8.5 7.1 10.1 8.6 
II 3Ll 30.0 15.1 13.9 12.5 10.3 9.2 9.1 11.9 9.3 
III 33.6 31.7 16.8 15.7 15.6 13.7 11.2 8.5 12.2 11.6 
Rosem- 37.1 36.3 
T- I 21.9 20.6 14.7 15.3 13.7 12.6 11.1 10.0 
Lahore II 23.6 22.3 16.3 17.2 14.5 12.9 13.5 11.4 
III 25.6 24.8 18.0 17.1 15.1 15.8 14.1 14.6 
Fruit set by controlled pollination 
The percentage of fruit set obta,ined by hand pollination is given in Table 5 and 
shown in Fig. 7. Data for hand pollination are ,given only for treatments producing 
complete po1len sterility. It is evident from ta-b!e 5 that in all cases fruit set was less 
than that of the control. In Bhokri the control gave a fruit set of 53.1 per cent whereas 
the highest fruit set obtaine::l among treated panicles (MH 500 ppm) was 37.3 per 
cent in the two years, respectively. The lowest fruit set (13 6%), observed in Bhokri, 
resulted from treatments with TIBA (5'.JO ppm) in 1962. Highest fruit set in Hussaini 
(33.6%) gave a treatment with 50) ppm MH and the lowest (11.2%) with 500 ppm 
TIBA as compared to 42.7 per cent in the control. 
As to Rosem-T-Lahore MH 750 ppm set highest percentage of fruits by hand 
pollination (25.6%) followed by MH 1000 ppm (18.0%), TIBA 500 ppm (15.1 %) and 
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Fig. 7: Relatiomhip between pollen sterility, fruit set (by hand pollination) and seed 
set in treatments giving complete sterility. 
A: Bhokri, B: Hussaini, C: Rosem-T-Lahore; black columns: per cent pollea sterility; white 
-::olumns: per cent fruit set; dotted columns: per cent reduction in seed set; C: control. 
FW-450, 0.30 per cent (14.1 %) during the year 1962 as compared to a set of 37.1 per 
:::ent in the control. In the succeeding year identical results were observed. 
Furthermore, the table shows that the highest percentage of fruit set was ob­
tained in all varieties from panicles treated at stage III. Within a. treatment with a 
particular concentration stage I gave the least fruit set. This indicates that the 
chemicals, when applied at a very early stage, adversely affect the ovules while in­
ducing pollen sterility. In order to get .goo·d fruit set, with the use of good pollen in 
a complety pollen sterile panicle, chemicals have to be sprayed at stage III. 
Seed set in treated panicles 
Seed set in the treated panicles giving complete male sterility was studied to 
find out whether there was any significant reduction in seed number per fruit. 
The observations are summarized in table 6. A significant reduction in seed set dur­
ing all treatments ·compared to the controls was found in the varieties Bhokri and 
Hussaini. 
In 1Bhokri, though .all treatments differed ·significantly from the control, there 
were no significant differences in seed set ,between treatments MH (500 ppm) and 
FW-45'.l (0.30%). All other treatments differed significantly from each other. In the 
variety Hussaini all treatments diff.ered significantly from the control, but no sig­
nificant difference in seed set was noticed between treatments TIBA (400 ppm) and 
Tab le 6 
Effect of different chemicals on seed set*) 
Control MH MH MH TIBA TIBA FW-450 Variety 
500 ppm 750 ppm 1000 ppm 400 ppm 500 ppm o.rnO/o
Bhokri 1.38 1.24 1.12 1.18 1.14 1.24 
(10.14) (18.84) (14.46) (17.38) (10.14) 
Hussaini 1.64 1.50 1.26 1.28 1.26 1.28 
(8.53) (23.17) (21.95) (23.17) (21.95) 
Rosem-T-Lahore 1.5 1.40 1.26 1.40 1.10 
(6.66) (16.00) (6.66) (26.66) 
*) The values given in parenthesis repreEent the percentage of reduction in seed set with 
regard to the control for each treatment. 
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FW-450 (0.30%) and between MH (750 ppm) and TIBA (500 ppm). As to Rosem-T­
Lahore, only the treatment with FW-450 (0.30%) gave a significant reduction in seed 
set when compared with the control. 
Seed germination 
Seeds from the fruits of treated panicles were tested for their germinating 
capacity. This was studied only with the variety Bhokri, and seeds were used only 
from those treatments, which induced complete male sterility. 240 seeds were sown 
from each treatment using four replications. The comparison of the effects of dif­
ferent concentrations of different chemicals on the viability of seeds was made by 
adopting a randomised block design and the mean v:alues of each treatment were 
compared for significance of difference with the corresponding S. E. (d) and C. D. 
The mean number of seeds .germinated (out of 60 seeds) were 40.50 in MH (500 ppm), 
37.75 in TIBA (500 ppm) and 32.25 in FW-450 (0.30%) as compared to 39.75 in the 
control. 
The statistical ,analyses gave no significant differenc,es !between any treatments 
or with the control showing that none of the chemicals had any adverse influence on 
the viability of seeds. 
Discussion 
The extent of male sterility that could be induced was found to depend upon the 
stage of the development of the inflorescence at which the chemical is ,applied, the 
concentration ·of the chemical, number ·of applications and the variety used for the 
study. 
A very important factor seemed to •be the stage at which sprays are given and it 
was found that only the early stages of bud development responded well for the in­
duction of pollen sterility. 
When treatments were given at a later stage, a complete or even a high amount 
of sterility could not be obtai'ned in any case. Although it is known that the applica­
tion of the chemicals should be prior to the initiation of meiosis, the precise stage 
and the exact mechanism, by which pollen abortion occurs, has not been demon­
strated so f.ar. One possibility, however, has •been shown to be the competition of the 
chemicals wit'h pantoate for a site on the enzyme of pantothenate synthesis (HILTON 
1958). During the pr,esent investigation it was noted that the stages of bud develop­
ment, at which the chemicals were most effective, were at the pre-meiotic or at very 
early stages of meiosis. OHTA and MATSUMA (1962) based upon their experiments with 
sugar !beets using FW-450, concluded that the induced pollen sterility was due to the 
inability of the pollen grains to absorb nutrients from the tapetal cells, wh:ch 
developed abnormally and showed hypertrophy. Tapetal secretion of waxy material 
is important for the formation of exine. 
The stage of development of the panicle was also found to influence the ovule 
fertility. It was observed that although complete pollen sterility could be obtained 
with certain treatments during the stages I, II ,and III, the ovule fertility in these 
three sets differed greatly among ,each other, the latter stages giving higher fertility. 
This suggests that the sensitivity of the ovules is higher at :an early stage, and as they 
develop, the capacity to overcome the inhi>brtory effects !become higher. 
All chemicals used, viz. MH, TIBA and FW-450, induced pollen sterility in all the 
grape varieti,es tested, the extent of sterility depending on concentration of the che­
mical. The mode of action by which these chemicals bring about male sterility ap-
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pears to be slightly different from each other ·since the appearance of the degenerated 
pollen looked different when different chemicals are used. 
With M'H and TIBA the pollen assumed a plasmolysed appearance, while shape 
and size of the sterile pollen obtained after a treatment with FW-450 were identical 
with those of the check plants. Besides inducing pollen sterility, FW-450 prevented 
the ,dehiscence of anthers which, as a rule, could be considered as male sterile. This 
was not observed with th,e other two chemicals. 
Another interesting observation was the fact that the chemicals had to be 
sprayed twice in 011der to induce complete sterility thus showing that the sensitive 
phase is fairly long and the absorption of the chemical and its brea�down is slow. 
Furthermore, intra-varietal differ,ences in the responses to the chemicals could 
be demonstrated, since in the varieties Bhokri and Hussaini the minimum effective 
concentration of MH was 500 ppm and in Rosem-T-Lahore 750 ppm. This may partly 
be due to the presence of thick tomentmm on the leaves of the latter variety which 
does not permit the solutions to penetrate the leaf. Inter-specific and inter-varietal 
variation in response to the chemicals have been demonstrated in many crops (see 
MclLRATH 1953, JAIN 1959 and 'DUDLEY 1960). 
Effects on fruit set and ovule fertility 
While attempting fo standardise a technique to induce male sterility which will 
be of practical use, the extent of fruit set and seed set is to be taken into considera­
tion. M•any authors have observed a ·combined reduction of seed set and pollen 
sterility in similar experiments (REHM 1932, CHOPRA et al 19·60, LIPPERT and HALL 1961, 
KIIo and DE ,BRUYN 1962). Therefore, in the present investig,ation a comparison was 
made between the treatments (only of those which induced complete male sterility) 
to determine which one had the least adverse effect on the fruit and seed set. Un­
doubtedly, none of these panicles gave any fruits after self-pollination, thus indi­
cating that pollen sterility was complete. However, the ,absence of fruit set when 
selfed could also be due to the cumulative effect of both pollen and ovule sterility. 
Therefore, panicles were .also pollinated with .good pollen to estimate the extent of 
ovule fertility. The results witih .hand pollination indicated that in Bhokri and Hus­
saini the highest fruit set obtained was with MH 500 ppm, within different treat­
ments, although -this was less than those of the controls. In Rosem-T-Lahore MH 
750 ppm had the least drastic effect on ovul,e fortiHty. This made clear that among 
the three chemicals rused, maleic hydrazide is the most promising one to be used as a 
selective gametodde, though it caused a reduction in fruit set in comparison to the 
::ontrol. But this reduction may not ,be a b:g handicap in a large scale hybridisation 
since using MH treatments it is possible to increase the number of cross-pollinated 
flowers within a limited time comparod with conventional hand emasculation. 
A standardised method for the induction of pollen sterility must ensure that 
seed set and germination shou1d not be seriously affected. Nevertheless, contra­
dictory views rega11ding the effects on seed set in diUerent plants have been reported. 
While WALKOF (1958), WALKER (1959), PUTT (1959) and RAMAKRISHNA (1964) observed tihat 
all treatments giving complete male sterility caused serious injuries to ovules, thus 
questioning the practical use.fiulness of these chemicals. ROBLE and HONMA (1959), 
CHOPRA et al (1960) and WIT (1960) foresaw ,a good future to the use of these chemicals. 
In the present study, however, all treatments ind1;:cing complete pollen sterility also 
reduced seed ·set, the reduction in seed set was not hi.gh in MH treatments, thereby 
indicating that among the tested chemicals MH alone offers a possibility to be used 
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as a selective gametocide. With regard to seed germination, none of the treatments 
adversely affected the germination capacity of the seeds . 
. Effect of the chemicals on the foliage 
All chemicals gave rise to abnormalities normally resulting from the application 
of plant growth regulators on plants. The extent of damage to the s-hoots depended 
on the concentration of the chemical. The immediate response to MH and TIBA 
applied to the leaves of grape varieties was epinasty or a downward curling and 
bending of the leaves. But in the TIBA treated shoots, some leaves tended to curl 
upwa11ds also (hyponasty). The epinastic curling and distortion of leaves has been 
observed by many authors while experimenting with ,different growth regulators 
in a variety of crops (ZIMMERMAN ,and WILCOXON 19'35; ZIMMERMAN 1951; McILRATH 1953; 
LOUSTALOT and MUZIK 1953; CHOPRA et ,al 1960 and CHOUDHAHY and GEORGE 1962). The 
2pinastic effects might be due to the inhibition of cell ·enlargement and cell division 
in the young leaves. It appears that the effect of two of the chemicals (MH and TIBA) 
persists for a long time since even newly formed leaves showed many deformities 
during a certain period. The present study also revealed that the severity of damage 
differs from variety to variety. The varieties Bhokri and Hussaini showed symptoms 
of relatively higher toxicity than Rosem-T-Lahore. This may be due to the thick 
leaves with a dense tomentum of Rosem-T-Lahore. Another interesting observation 
made during the present investigation was, that the application of MH in two separate 
treatments gave response equivalent to that resulting from an equal dosage applied 
in one treatment. This leads to the conclusion that the breakdown of absorbed MH 
is slow and the effPct of the chemical is cumulative. 
Conclusions 
The present investigation indicates that chemical induction of pollen sterility is 
possible in grapes although with a slight accompaniment of ovule sterility. All the 
three chemicals have been shown to have gametocidal activity in grapes !but only 
MH holds promise since the adverse effect of this chemical on fruit and ·seed set was 
the lowest. The different responses of the varieties tested would 'be perhaps a hin­
drance to the immediate ccmmercial use of this method. Nevertheless, the present 
study has paved way to future line of work in elucidating different problems con­
nected with chemical emasculation in grapes. 
Summary 
The morphology of the grape flower renders hand emasculation very tedious 
::md hence hinders large scale hybridisation work. Chemical induction of male 
sterility which has been successfully achieve,d in some crops may likewise aid in 
grape breeding, if the method proves practicable. This paper deals with an experi­
ment designed to achieve this object. 
Three varieties of grapes, Bhokri, Hussaini and Rosem-T-Lahor·e (all belonging 
to Vitis vinifera) were tested with three different chemicals, viz. maleic hy,drazide, 
tri-iodobenzoic acid and FW-450, using various concentrations. In the first two 
•;arieties the dosages of maleic hydrazide 500 ppm, tri-iodobenzoic acid 400 ppm and 
FW-450 0.30% was found to induce complete pollen sterility. However, the thir,d 
variety needed higher concentrations. In ,all cases two applications of the chemicals 
were necessary to induce comp1ete pollen sterility. 
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In addition to inducing pollen sterility, FW-450 prevented anthesis and anther 
dehiscence. Considering the fruit set and seed set obtained in the male sterile flowers 
(induced by various chemicals) rby using good pollen, maleic hydrazide appears to 
be most promising. The chemical treatments did not influence seed germination. 
The most important factors with regard to the use of this method were (1) the variety 
:ised, (2) the chemical applied, (3) the number of applications of the chemical and 
(4) the stage at which the chemical treatments are made. The implications of these
results have been discussed.
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